MASK-FRAME ASSEMBLY FOR COLOR CATHODE-RAY TUBE 
CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of Korean Application No. 2001-1878, filed 
January 12, 2001, in the Korean Patent Office, the disclosure of which is incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention relates to a color cathode-ray tube, and more 

particularly, to a mask-frame assembly having an improved frame for supporting a mask to 
apply tension in a color cathode-ray tube. 

2. Description of the Related Art 

[0003] In typical color cathode-ray tubes, three electron beams emitted from an 

electron gun pass through beam passage holes of a shadow mask for color selection and 
land on red, green and blue phosphors of a phosphor layer formed on the screen of a panel 
to excite the phosphors, thereby forming an image. In such color cathode-ray tubes, dot 
masks employed in computer monitors and slot (or slit) masks employed in televisions are 
representative masks for color selection. Such a mask is fixed to a frame and installed 
within a panel of a cathode-ray tube. 
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[0004] Representative slot masks are forming masks which are designed to have a 

curvature corresponding to the curvature of a screen taking into account landing of electron 
beams deflected with respect to the screen and tension masks which are supported such 
that tension is applied thereto taking into account a screen which is flattened to compensate 
for image distortion and expand a visual field angle. 

[0005] Structures of a combination of a frame and a mask to which tension is applied 

are disclosed in Japanese Patent Publication Nos. sho 59(1 984)-1 8825 and sho 59(1984)- 
16626. The disclosed tension mask-frame assembly includes a pair of support bars which 
are disposed in parallel to each other with a predetermined space therebetween, and 
substantially U-shaped resilient support members for supporting both ends of the support 
bars. An aperture grill-type mask is fixed to the support bars such that a tension can be 
applied to the mask. 

[0006] In a course of manufacturing the above mask-frame assembly, a blackening 

process and an annealing process are performed to eliminate a stress attendant upon 
welding of the support bars and resilient support members and to blacken the mask and the 
frame composed of the support bars and the resilient support members. During the above 
processes, the mask-frame assembly is heated to about 500 C. Here, plastic deformation 
or thermal creep occurs in the mask due to the difference in the amount of thermal 
expansion between the frame and the mask and a decrease in a breaking strength limit 



depending on temperature, thereby causing a problem of a reduction in the tension (by 
20%). In other words, when the mask-frame assembly is heated, a difference in the amount 
of thermal expansion between the mask and the frame occurs because the heat capacity of 
the mask is smaller than that of the frame. The difference in the amount of thermal 
expansion acts on the mask supported by the support bars as an additional tension, thereby 
decreasing the tension of the mask after the blackening and annealing processes. The 
decrease in the tension of the mask causes howling or drift of electron beams when a color 
cathode-ray tube employing the mask-frame assembly is place in operation. 

[0007] To overcome the above problem, U.S. Patent No. 5,11 1 ,107 discloses a 

mask-frame assembly for preventing the expansion of a frame from acting in the tension 
direction of a mask. The disclosed mask-frame assembly is shown in FIG. 1 . The mask- 
frame assembly includes mutually opposed support bars 11, resilient support members 12 
attached between the support bars to support the support bars, a mask 13 supported by the 
support bars 11, and metallic members 14 which have a larger thermal expansion coefficient 
than the resilient support members 12 and are connected to the lower surfaces of the 
resilient support members 12 opposite to the surfaces thereof facing the mask 14. Even th 
ough the mask-frame assembly 10 is provided with metallic members 14, the tension of the 
mask 13 is decreased, and the effect of the metallic members 14 varies with a tension 
distribution. 



[0008] Meanwhile, Japanese Patent Publication No. hei 1 1-317176 discloses a color 

cathode-ray tube having a mask-frame assembly for reducing a decrease in the tension of a 
mask during the blackening and annealing processes. In the disclosed color cathode-ray 
tube, a color selection electrode is installed at a frame which includes a pair of mutually 
5 opposed supports and a pair of resilient support members disposed between the supports. 
Adjustment members having a smaller thermal expansion coefficient in a low temperature 
range and a greater thermal expansion coefficient in a high temperature range than the 
Q resilient support members are fixed to the sides opposite to the sides of the resilient support 

members facing the grid, or adjustment members having the reverse characteristic of the 

03 

83 10 above are fixed to the sides of the resilient support members . A color selection device of a 

y 

ffl color cathode-ray tube having such a structure, in which adjustment members are attached 

J? to resilient support members to use a difference in thermal expansion coefficient as 

I [ described above, cannot radically overcome the above problems. 

[0009] A different color selection device and color cathode-ray tube are disclosed in 

15 Japanese Patent Publication No. 2000-3682. The disclosed color selection device includes 
a color selection electrode assembly with a mask suspended on a frame. A tension 
adjustment member parallel to the mask of the color selection electrode assembly is 
installed at a color selection electrode frame. Such a color selection device including a 
tension adjustment member installed at a frame to compensate for a decrease in a tension 



4 



after a blackening or annealing process cannot prevent a decrease in the tension of a mask 
during the blackening or annealing process. 

SUMMARY OF THE INVENTION 

[0010] To solve the above-described problems, it is an object of the present invention 

to provide a mask-frame assembly for a color cathode-ray tube which can prevent a 
decrease in the tension of a mask due to the plastic deformation of the mask caused by a 
difference in the amount of thermal expansion between the mask and a frame during a 
blackening or annealing process, and which can reduce the drift of electron beams due to 
expansion of the mask and howling due to vibration of the mask. 

[0011] Additional objects and advantages of the invention will be set forth in part in 

the description which follows, and, in part, will be obvious form the description, or may be 
learned by practice of the invention. 

[0012] Accordingly, to achieve the above and other objects of the present invention, there 
is provided a mask-frame assembly for a color cathode-ray tube, wherein the mask-frame 
assembly includes first and second support members spaced out a predetermined distance; 
first and second resilient support members installed between the first and second support 
members for supporting the first and second support members, each resilient support 
member including supports fixed to the first and second supports and a connecting portion 
connecting the supports; a mask installed at the first and second support members such that 



tension is applied thereto, the mask including a plurality of electron beam passage holes; 
and a compensating unit connected between the first and second support members or 
supports between each connecting portion and the mask, the compensating unit being 
formed of a material having a lower thermal expansion coefficient than that of the first and 
second resilient support members. 

[0013] To achieve the above and other objects of the present invention there is also 
provided a mask-frame assembly for a color cathode-ray tube, wherein the mask-frame 
assembly includes a frame including first and second support members spaced out a 
predetermined distance, and first and second resilient support members installed between 
the first and second support members supporting the first and second support members, 
each of the first and second resilient support members compromising supports fixed to the 
first and second supports and a connecting portion connecting the supports; a mask installed 
at the first and second support members such that tension is applied thereto, the mask 
comprising a plurality of electron beam passage holes; and a compensating unit connected 
between the first and second support members or the supports of the first and second 
resilient members between each connecting portion and the mask, the compensating unit 
being formed of a material having a lower thermal expansion coefficient than the first and 
second resilient support members. The values of the length L of the frame, the sectional 
area A of the compensating unit, a difference in thermal expansion between each resilient 
support member and the compensating unit, a height H from the center of the height of each 



resilient support member to the compensating unit, and a second order section modulus I in 
an X direction when the horizontal and vertical directions of the section of each resilient 
support member are represented by X and Z, respectively, are set to satisfy 0.1 ^ 
(AxH 2 xAccx10 4 )/L 

[0014] To achieve the above and other objects of the present invention, there is still also 
provided a mask-frame assembly for a color cathode-ray tube, including a frame including 
first and second support members spaced out a predetermined distance, and first and 
second resilient support members installed between the first and second support members, 
supporting the first and second support members, each of the first and second resilient 
support members including supports fixed to the first and second supports and a connecting 
portion connecting the supports; a mask installed at the support members such that tension 
is applied thereto, the mask including a plurality of electron beam passage holes; and a 
compensating unit connected between the first and second support members or supports of 
the first and second resilient members between each connecting portion and the mask so 
that the tension of the mask is to be transferred to the compensating unit during annealing of 
the frame and the mask and then the tension is re-transferred from the compensating unit to 
the mask after cooling, thereby maintaining an initial tension of the mask. 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0015] The above and other objects and advantages of the present invention will become 
more apparent by describing in detail preferred embodiments thereof with reference to the 
attached drawings in which: 

[0016] FIG. 1 is a perspective view of a conventional mask-frame assembly; 

[0017] FIG. 2 is a partially cut away perspective view of a cathode-ray tube according to 

the present invention; 

FIG. 3 is an exploded perspective view of an embodiment of a mask-frame assembly 
according to the present invention; 

[0018] FIG. 4 is a graph of tension applied to flat bars or bars fixed to a frame versus 
tension applied to a mask; 

[0019] FIG. 5 is a perspective view of another embodiment of a mask-frame assembly 
according to the present invention; 

[0020] FIG. 6 is a partial perspective view showing the position relation between a frame 
and a flat bar; 

[0021] FIGS. 7 through 1 1 are perspective views of other embodiments of a mask-frame 
assembly according to the present invention; 

[0022] FIG. 12 is a partial perspective view showing a state in which a vibration 
preventing member is installed at a flat bar or a bar of a frame; 
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[0023] FIGS. 13 and 14 are graphs of mask tension of a conventional mask-frame 
assembly versus that of a mask-frame assembly according to the present invention, after 
heat treatment; 

[0024] FIG. 15 is a graph of parameters versus reductions in mask tension; and 

[0025] FIGS. 16 through 18 are graphs of reductions in tension according to positions of 
a compensating unit after heat treatment is performed on a mask-frame assembly. 

DETAILED DESCRIPTION OF THE INVENTION 

[0026] Reference will now be made in detail to the present embodiments of the present 
invention, examples of which are illustrated in the accompanying drawings, wherein like 
reference numerals refer to like elements throughout. 

[0027] FIG. 2 shows an embodiment of a color cathode-ray tube according to the present 
invention. As shown in FIG. 2, the cathode-ray tube includes a panel 22 having a plane 
screen 21 with a phosphor layer, a funnel 23 which is sealed to the panel 22 and has a cone 
portion 23a and a neck portion 23b, a deflection yoke 24 provided between the cone portion 
23a and the neck portion 23b, and an electron gun 25 provided in the neck portion 23b. On 
the inside of the panel 22 is installed a mask-frame assembly 100 having a function of 
selecting a color of an electron beam emitted from the electron gun 25. 
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[0028] As shown in FIG. 3, the mask-frame assembly 100 includes a mask 1 10 and a 
frame 120 supporting the mask 110 such that the mask 1 10 has predetermined tension. The 
mask 110 includes a plurality of strips 112 spaced out a predetermined distance on a thin 
plate, and electron beam through holes 111 formed by a plurality of real bridges arranged 
between the respective strips 1 12 at predetermined pitches. Dummy bridges 1 14 expanding 
in opposite directions are formed between adjacent strips 1 12 to partition the electron beam 
through holes 111. A mask according to the present invention is not restricted to the above 
embodiment, but any one having a tension mask structure to which tension is applied can be 
used. 

[0029] The frame 1 20 supports two opposite edges of the mask 110. The frame 1 20 
includes a pair of first and second support members 121 and 122 spaced out a 
predetermined distance and first and second resilient support members 123 and 124 for 
supporting the first and second support members 121 and 122 such that tension is applied to 
the mask 110 supported by the first and second support members 121 and 122. 

[0030] The first and second support members 121 and 122 include first and second 
keepers 121a and 122a, respectively, supporting the mask 110 and first and second flanges 
121b and 122b, respectively extended from the first and second keepers 121a and 122a 
inward. The first and second resilient support members 123 and 124 supporting the first and 
second support members 121 and 122 include supports 123a, 123b, 124a and 124b fixed to 
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the first and second support members 121 and 122, and connecting portions 123c and 124c 
for connecting the support 123a to the support 123b and connecting the support 124a to 
124b, respectively. The configuration of the first and second support members 121 and 122 
and the first and second resilient support members 123 and 124 is not restricted to the 
above embodiment, but any configuration capable of applying tension to the mask 10 can be 
used. 

[0031] A compensating unit 130 is provided between the tops of the connecting portions 
123c and 124c of the first and second resilient support members 123 and 124 and the 
bottom of the mask 110 in order to prevent the mask 110 and frame 120 from being 
blackened and prevent tension from decreasing due to plastic deformation of the mask 110 
caused by a difference in thermal expansion between the mask 110 and the first and second 
resilient support members 123 and 124 during an annealing process. In other words, the 
compensating unit 130 is provided at the first and second support members 121 and 122 or 
the supports 123a, 123b, 124a and 124b between the mask 110 and the connecting portions 
123c and 124c so that a thermal expansion force attendant upon thermal expansion of the 
first and second resilient support members 123 and 124 is suppressed during annealing of 
the frame 120 and mask 110, as shown in FIG. 4. Consequently, the thermal expansion 
force of the first and second resilient support members 123 and 124 is restricted so as not to 
be applied to the mask 110. During cooling of the frame 120 and mask 110, the restriction of 
the first and second resilient support members 123 and 124 is terminated so that the 
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elasticity of the first and second resilient support members 123 and 124 is applied to the 
mask 110. More specifically, the compensating unit 130 is installed at the first and second 
support members 121 and 122 or the supports 123a, 123b, 124a and 124b between the 
connecting portions 123c and 124c and the mask 110 so that the tension of the mask 110 is 
transferred to the compensating unit 130 during annealing of the frame 120 and mask 110 
and the tension is re-transferred from the compensating unit 130 to the mask 1 10 after 
cooling, thereby maintaining the initial tension of the mask 110. 

[0032] An embodiment of such a compensating unit is shown in FIGS. 3 and 5. 
Referring to FIGS. 3 and 5, the compensating unit 130 includes a first flat bar 131 and a 
second flat bar 132 of which both ends are connected to the tops or bottoms of the flanges 
121b and 122b, respectively, of the first and second support members 121 and 122. Here, 
the thermal expansion coefficient of each of the first and second flat bar 131 and 132 is 
smaller than that of each of the first and second resilient support members 1 23 and 1 24, and 
the thermal expansion coefficient of each of the first and second resilient support members 
123 and 124 is not greater than that of the mask 110. 

[0033] Taking into account the thermal expansion coefficients and heat transmission 
process, the size of the first and second flat bars 131 and 132 of the compensating unit 130, 
which compensates for a reduction in tension on the mask 110 using a difference in the 
amount of thermal expansion with each of the first and second resilient support members 
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123 and 124, can be determined according to the expanded length of the first and second 
resilient support members 123 and 124. As shown in FIG. 6, in the case where the length of 
the frame 1 20 (i.e., the length of either of the first and second support members 1 21 and 
122) is represented by L, the sectional area of either of the flat bars 131 and 132 of the 
5 compensating unit 130 is represented by A, a difference in thermal expansion between either 
of the first and second resilient support members 123 and 124 and either of the first and 
second flat bars 1 31 and 1 32 is represented by Aa, a height from the center of the height of 
Q either of the first and second resilient support members 1 23 and 1 24 to either of the first and 

P. second flat bars 131 and 132 is represented by H, the horizontal and vertical directions of 

yj 

GO 

^10 the section of either of the first and second resilient support members 1 23 and 1 24 are 

S3 represented by X and Z, respectively, and a second order section modulus in the X direction 

8 

|j is represented by I, according to experiments, when 0.1 <> (AxH 2 xAax1 0 4 )/l was satisfied 

lj in order to prevent the plastic deformation of the mask 110 due to a difference in thermal 

jM. expansion between the mask 1 10 and the frame 120, a reduction in tension on the mask 110 

15 was small. Particularly, when 0.1 ^ (AxH 2 xAotx10 4 )/l < 1 was satisfied, a reduction in 
tension on the mask 110 was minimized. 

[0034] FIGS. 7 through 10 show other embodiments of a mask-frame assembly 
according to the present invention. As shown in FIGS. 7 and 8, for the compensating unit 
130, a flat bar or bar 133 having a predetermined section is installed at the insides or 
20 outsides of the supports 1 23a and 1 23b of the first resilient support member 1 23. Further, 
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bar 133 having the predetermined section, is installed in a similar fashion at the insides or 
outsides of the supports 124a and 124b of the second resilient support member 124 
(although not shown). 

[0035] As shown in FIG. 9, a bar 133 for the compensating unit 130 is installed at the 
ends of first and second support members 121 and 122. Here, the bar 133 is welded to the 
ends of the first and second support members 121 and 122. Since the welded portions of 
the first and second support members 121 and 122 and the bar 133 may be deformed due to 
welding heat, it is preferable to use argon welding to minimize the welding heat. 

[0036] When a bar 1 36 for the compensating unit 1 30 is attached to the ends of first and 
second support members 121 and 122, as shown in FIG. 10, brackets 134 and 135 
extended from the respective ends of the first and second support members 121 and 122 
are provided, and the end portions of the bar 136 are fixed to the brackets 134 and 135, 
respectively. The end portions of the bar 136 may be attached to the brackets 134 and 135 
by a separate coupling unit. For the coupling unit, bolts and nuts or rivets can be used. 
Alternatively, the brackets 134 and 135 can be directly coupled to the bar 136 by means of 
screws. Here, it is preferable to form screws at both ends of the bar 1 36 to spiral in opposite 
directions so that the bar 136 is fastened to or loosened from the brackets 134 and 135 by 
rotating the bar 136. 
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[0037] Another embodiment of a compensating unit is shown in FIG. 1 1 . As shown in 
FIG. 1 1 , female screws 141 and UZare formed in the ends of the respective first and 
second keepers 121b and l^b of the first and second support members 121 and 122, and 
both ends of a suopdrt bar 143 are screwed into the female screws 141 and 142. The 
support bar^f43 includes a position setting member 144 to settle the position of the support 
bar^(3. 

[0038] In the above embodiments, the relations among the thermal expansion coefficients 
of a resilient support member, mask and either of the bars 133 and 136 and support bar 143 
for a compensating unit are the same as in the embodiment described before. Thus, a 
description thereof will be omitted. Further, although only one end of mask 1 10 is shown in 
the drawings, it is understood that similar configurations exist on the other end of the mask 
110. 

[0039] In the above embodiments, each of the first and second flat bars 131 and 132 and 
the bars 133 and 136 is provided with a vibration reduction unit 150 for reducing vibration 
caused by an external impact. As shown in FIG. 12, for the vibration reduction unit 150, at 
least one via-hole 151 is formed at each of the first and second flat bars 131 and 132 and 
the bars 133 and 136, and a vibration preventing member 152 is shakably inserted into the 
via-hole 151. This means that the vibration preventing member 152 is inserted into the via- 
hole 151 and be moved therein, and not fixed in the via-hole 151 . The vibration preventing 
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member 152 includes a body 153 which has a smaller diameter than the via-hole 151 and is 
inserted into the via-hole 151 such that it can shake with respect to the first and second flat 
bars 1 3 1 and 1 32 and the bars 1 33 and 1 36 , and a head 1 54 formed at each end of the 
body 1 53 to prevent the body 1 53 from coming out of the via-hole 151. If an external impact 
is applied to the mask frame assembly 100, the vibration preventing member 152 eliminates 
vibration of the mask 1 10 by interference due to the movement of the vibration preventing 
member 152. The vibration preventing member 152 is not restricted to the above 
embodiment, but anything having a structure capable of preventing each of the first and 
second flat bars 131 and 132 and the bars 133 and 136 from vibrating can be used. 

[0040] It should be noted that the compensating unit is not limited to the various 
embodiments disclosed herein, and may have other shapes besides a flat bar or a rod- 
shape. For example, L-shape, pipe-shape, parallelepiped-shape, and triangular-shape bars, 
etc., are possible. 

[0041] The following description relates to the working of such a mask-frame assembly 
according to the present invention. In the mask-frame assembly 100, an external force is 
applied in facing directions to the first and second support members 121 and 122 supported 
by the first and second resilient support members 123 and 124 when the mask 1 10 is welded 
to the first and second support members 121 and 122 of the frame 120. The first and 
second resilient support members 123 and 124 are then elastically deformed to narrow the 
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space between the first and second support members 121 and 122. In this state, two 
opposite edges of the mask 110 are welded to the first and second keepers 121a and 122a, 
respectively, of the first and second support members 121 and 122. Thereafter, when the 
external force to the first and second support members 121 and 122 is eliminated, tension is 
applied to the mask 110 due to the elasticity of the first and second resilient support 
members 123 and 124. After completing the installation of the mask 110, the first and 
second flat bars 131 and 132, bars 133, or bars 136, which constitute the compensating unit 
130 and are formed of a material having a smaller thermal expansion coefficient than the 
first and second resilient support members 123 and 124, are installed between the tops of 
the respective connecting portions 123c and 124c of the first and second resilient support 
members 123 and 124 and the bottom of the mask 110 in such a manner as described in the 
above embodiments. 

[0042] After completing the installation of the mask 1 1 0 and the compensating unit 1 30, 
the mask-frame assembly 100 is subjected to heat treatment performed at about 500 C in 
order to blacken the mask 1 10 and the frame 120 and eliminate a stress. During heat 
treatment, when the mask-frame assembly 100 is heated, the mask 110, the frame 120, and 
the first and second flat bars 131 and 132 or the bars 133 or 136 of the compensating unit 
130 are thermally expanded. Since the thermal expansion coefficient of the first and second 
flat bars 131 and 132 forming the compensating unit 130 is smaller than that of the first and 
second resilient support members 123 and 124, the amount of thermal expansion of the first 
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and second flat bars 131 and 132 of the compensating unit 130 is smaller than that of the 
first and second resilient support members 123 and 124, so that the first and second support 
members 121 and 122 are restrained from becoming more distant from each other due to 
the thermal expansion force of the first and second resilient support members 123 and 124. 
Accordingly, the thermal expansion of the first and second resilient support members 123 
and 124 is prevented from working on the mask 110 as additional tension. Therefore, it does 
not happen that the tension of the mask 1 10 is reduced or the mask 1 10 is crept due to the 
plastic deformation of the mask 110 occurring when excessive tension is applied to the mask 
110 during the heat treatment. 

[0043] The workings described above will be more clarified by the following experiment. 

[0044] In this experiment, tension applied on the mask of a mask-frame assembly which 
was subjected to heat treatment without being provided with bars or flat bars forming a 
compensating unit at a frame was compared with tension applied on the mask of a mask- 
frame assembly which was provided with a compensating unit at a frame and then subjected 
to heat treatment, thereby obtaining the graph of FIG. 13. In the case of the mask-frame 
assembly in which the compensating unit was not attached to the frame, curve A of FIG. 13 
shows that the tension is markedly reduced near the edge of the mask. In the case of the 
mask-frame assembly in which bars or flat bars forming a compensating unit was attached to 
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the frame, B of FIG. 13 shows that the tension is not markedly reduced near the edge of the 
mask. 

[0045] In this experiment, tension applied on the mask of a conventional mask-frame 
assembly which had metallic members on the bottoms of resilient support members and was 
subjected to heat treatment, tension applied on the mask of a mask-frame assembly which 
was provided with bars or flat bars forming a compensating unit according to the present 
invention and subjected to heat treatment, and tension applied on the mask of a mask-frame 
assembly before heat treatment are compared, thereby obtaining a graph shown in FIG. 14. 

[0046] FIG. 14 shows that the tension (curve D) applied on the mask of a mask-frame 
assembly which was provided with bars or flat bars for a compensating unit according to the 
present invention is larger than the tension (curve C) applied on the mask of a conventional 
mask-frame assembly which had metallic members on the bottoms of resilient support 
members. 

[0047] In this experiment, a bar having a thermal expansion coefficient of 9.61 E-06 at 
450°C was used as a resilient support member. The thickness of a flat bar forming a 
compensating unit was 3 mm. Here, as shown in Tables 1 through 4, the values of a 
difference in thermal expansion between the resilient support member and the flat bar, the 
values of a second order section modulus I of the resilient support member in the X 
direction, the values of the height H of the flat bar from the center of each of first and second 
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resilient support members, and the values of the width W of the flat bar were combined one 
by one and substituted for (AxH 2 xAocx10 4 )/l, thereby obtaining parameters shown in Tables 
1 through 4. 



Table 1 



Width of compensating 
unit (mm) 


Reduction rate of strip tension after 
heat treatment (%) 


Parameter 


0 


-47.0 


0.00 


10 


-18.1 


0.20 


20 


-8.1 


0.41 


30 


-3.0 


0.61 


35 


-1.3 


0.72 



Table 2 



Installation height of 
compensating unit (mm) 


Reduction rate of strip tension 
after heat treatment (%) 


Parameter 


20 


-43.3 


0.05 


30 


-36.2 


0.11 


40 


-26.4 


0.20 


45 


-21.5 


0.25 


50 


-16.8 


0.31 


60 


-8.9 


0.45 


70 


-3.0 


0.61 



Table 3 



Thermal expansion coefficient of 
compensating unit 


Reduction rate of strip tension 
after heat treatment (%) 


Parameter 


1.22E-05 


-4.70 


0.00 


1.16E-05 


-36.3 


0.15 


1.08E-05 


-23.2 


0.33 


9.61 E-06 


-3.0 


0.61 



Table 4 



Second order section modulus of 
compensating unit (Ix) 


Reduction rate of strip tension 
after heat treatment (%) 


Parameter 


18574 


-3.0 


0.61 


27861 


-8.1 


0.41 


37148 


-12.1 


0.31 


55722 


-18.1 


0.20 



[0048] The graph of FIG. 15 is obtained from the relation between tension and 
parameters according to the formula (AxH 2 xAotx10 4 )/l which are shown in Tables 1 through 
4. As shown in FIG. 15, when the parameter according to the formula is greater than 0.1 , 
tension is reduced by less than 35% after heat treatment. Accordingly, the thermal 
expansion coefficients of the resilient support member and the flat bar forming the 
compensating unit, and the installation height of the flat bar should be determined within a 
range satisfying 0.1 < (AxH 2 xAocx10 4 )/l. 

[0049] In this experiment, tension applied on a mask according to positions of a 
compensating unit in a mask-frame assembly subjected to heat treatment was compared 
with tension applied on a mask of a mask-frame assembly not having bars or flat bars 
forming a compensating unit after heat treatment, thereby obtaining the graphs of FIGS. 16 
through 18. These graphs show that a reduction in tension on the mask of a mask-frame 
assembly according to the present invention is markedly decreased wherever the 
compensating unit is installed between the connecting portion of a resilient support member 
and the bottom of the mask. 

[0050] As described above, a mask-frame assembly according to the present invention 
has the following effects. 
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[0051] First, a compensating unit is installed at both ends of a resilient support member 
between the top of the connecting portion of the resilient support member and the bottom of 
a mask or at support members, thereby radically preventing the plastic deformation of the 
mask which is caused by the thermal expansion of the resilient support member working on 
the mask as tension. 

[0052] Second, since the compensating unit connects the respective ends of the support 
members, irregularly reflected electron beams and terrestrial magnetism can be shielded. 

[0053] Third, the compensating unit supports two opposite edges of the mask, thereby 
facilitating manipulation of the mask-frame assembly. 

[0054] Fourth, since a reduction in tension on the mask can be prevented, the amplitude 
of vibration of the mask due to an external impact is reduced, thereby decreasing howling of 
the mask. 

[0055] Fifth, since a vibration preventing member is installed at each of first and second 
flat bars or bars, the vibration of the first and second bars or the bars caused by an external 
impact can be reduced. Furthermore, the vibration of the mask can be reduced. 

[0056] While this invention has been particularly shown and described with reference to 
preferred embodiments thereof, it will be understood by those skilled in the art that various 
changes in form and details may be made therein without departing from the spirit and scope 
of the invention as defined by the appended claims. 
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